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COMPUTATION PROCEDURES

(The followlng first draft describing the compubation procedures
uged by Rall, Shahm and Altwann for extracelluler pobentlal fields
of neurens vas written by Ezra Shabn in October, 1960, The program
mmbars refer to “FORTRANSIT” programs thab were alsgo written by
Shalm; this introductory note added by W, Rall,)

The machine colculstions for the neurcon fields were all

performed on en IRM 650, It was sssumed that the field ebout any
specified configuration of dendrites could be obiained by e super-
position of all the single dendrite solubions, which in turn vere
assumed %o be of the same type, /lhis get of assumpilons was used
o simplify the programming in the following way, ‘rhe field for one
dendrite, vhich was axially symmetric, was calculated Irom the

eguation
Y
V(R,6) = Z W(I)[ 3 - %)
=1 vf R +x -28)Ycosd R
= 1 ol
* Z (’FE') J+:L 71 FO) ]
Jesd

wheve N iz the number of subdivisions mede along the dendrite, the
W{I) are the weighis abbached o each such subdivision, x is the

distance of the center of the Ith

subdivigion from the center of the
soma, P{J) are Legendre polyncmials end R snd & are the coovdinamies

of the field point, M was selected to be lerge evcugh o insure



: vzzgf.mce of the last sum, and was set at 10, Por small angles N
vas set ab 160; for larger angles at 80, The values of W(I) were
band calculsted and consideved as input infoxmation,

. [‘I‘he yrogran whieh acecmplished this is called No, 19,2,
Ite input conmists of : one cexd having in the first four fields
(ralues of Dx, the distance betveen subdivisions along the dendrite)

(weroB, an axbitrery problem mmber) (i, see ahove;) m(tms'r, en

arbitrary number used to terminste the reading of the W(I); & esxd
heving in the first three fields THMIN, THMAX, and D’l’H,A‘the minimm,
neximum angles desired, and the size of the steps between them in
radians; & sinilar card for RMIN, RMAX, DR; the set of W(I), one per
card in the firet field, The oubput bas the fivst three input cards
reproduced, followed by the calculated valuss of ¥, R, 8, in %he
first three fields in that order, For 160 weights, and R = 1, 20 in
steps of 1 the rumning tims 1s 1/ hour per angle,]
Since for & given R the V as g function of 8 is fairly
smooth it 1s not necessary to use program 19.2 for all angles,
Typleally, if half degree steps are desired, 35 or so angles sxe all
that ave needed for adequate d.etez:mim% 31’ V, ¥siher than 360,
These are speced closely together&zt fireb, and guite fMar spurt towards
the end, the intermediste wvalues sxe cbiained by a straight-forward
linear interpolation, The program which does this is called 22,1,
[Program_ 22,1 interpolates bo half degree steps the output
of program 19,2 provided that.the last angle of the sget he grester than
5.1 radians, Be:ore this program can be used the ocutput of 19,2 must

be sorted into groups of equal R each of which is ordeved by @ {incress-

ing), These-sre then completely arvenged to serve as the inpub for 22,1,




holf degree each, The first three fields of each cavd have V, R, 6,

8 in m.diem,:l

This "raw deta” forms the besis of all subseguent super-
positions which are done with progrems 21.3A and 21.38, A problem
is fully specified when the angular coordinates of the dendrites are
glven with reference to the coordinate system in which one wanta to

deseribe the field, Frogrsm 21,34 is written so that each of the
field points vwhich sre desired is located by its anguiar displace-
ment from each of the dendrite locationz, These values are then

trenslated into integers representing the numbexr of half degrees

vhich is closest to the engle in question, Thess numbers arve punched T
seguentially T per card, snd syre referred to as the ICOSA table, They %1
serve as part of the input fox 21,38, \
[The initiel input of 21,34 is a table of integers egual |
to the truncated values 10000 cosfl where ¥ vanges from 1/2° to 50° |
in 1/2° steps, These 180 values are the six per caxd owbput of
program 20,1 which is specifically for the purpose of generating thie
%eble, These 30 cards are followed by one having in the first 3
fields @PROB, an axbitrery proble number} é«, the number of a.enmws} |
(m»mx, eny muber as it's not useq}; a card having in the first 6 fields
the values of THMIN, THMAX, DTH, PEMIN, FHMAX, DFH, as the minimum,

maximum and step size of the 6-7 grid of field pointa)tw_gj_ i
virich timee N cannot exceed 999; N cards each having in the first two |

ields the pair of values of @ and § that epecifies the position of a \

dendzite, These may be in any order, The ocutput, as mentionsd ebove



the £ield polnts with vespect to sach of the dendrites, these values being
 in mumber of helf degrees, These eve T per cerd, They are precsded by
the Tivrst two caxds of the input, vhich must be vemoved before use,

The desired superposition can now proeceed without furtber delay,
and, because of the separatiom of the steps into programs 12,2 - 22,1
and 21,34, with quite good speed, This is done by the procedure of program
21.38, vhich reguires as input the specification of the field point grid, &
dack of cards for each R wvalue thet is of interest, and of course the
ICOSA deck just deseribed, The procedure is then to form & sum for the
value of the pokential at each field point, this sum consisting of the values
of the fleld for a single dendrite corresponding to the position that esch
field point hes with relation to each dendrite, The outpub is then of the
foxm ¥, 8, ¥, R, NPROB for each field point &, ¥ in degress,

Input requiremsnts for 21,38 arve: & card giving(NPROB, en
arbitvary problem muber) ¥, the munber of dendrites) émx, the largest
R-value to be eonsmered} NFF D, the pumber of field points times dendrites
‘1ess then 999%; o card gliving THMIN, THMAX, DTH, FHMIN, PEMAX, DPH for
field points, which must be identicel with the corresponding card for
21 .34, the ICOSA deck output of 21,34, and a deck of 360 cards for each
R desired, these decks being the output of 22,1, The output of 21,738
repeats the £irst two cards, which may be discarded after identificatilion
is made, and the values V, &, ¥, R, NEROB in the first 5 fields, © and ¢
sxre here in degrees, :

In order that these dendritic superpositions might move easily
be plobied, a program No, 23,1 was written which takes the output from
21,38, sorted for constent 6 ~ @, i.e, for given angle, and R increasing,
and searches for those R values having potentiels which bracket e desired
isopotenitial, This is repeated for as many iscpotentials as one pleases
up 4o 50, and the entire process iterates for each set defined by a given
6,6, The output is given &s x, & end #, RINT, NFROB, where x ig the
isopotential and RINT is the interpolated R-value, Since these come for
constent 8 - ¥, sorbing of the entire output by x might be useful, 0 end @
are in degrees,




. npm'. recguimmms for 25,1 sre: 8 card givingé:PROB, an
arbi*'»"a,ry problem zmng éﬁ()?, the number of isopotentials ecxught} <NRAD,
the pumber of radius velues for esch s—ﬁse% I80P carde each having in
the Pirst field the value of an isopotential being sought; NRAD cards
raving V, 6, ¥, R for each R, this set rvepeated for each g - @ pair,
The first card of the output reproduces the first cexd of the input,
The rezainder is descyribed a.bm,.]'

Note that the input requirement of 23,1 and the output of 22,1
ave incampetible--that 1s, the iscpotential interpolation program cannot
be used to give a set of values for the field of the single dendrite,
Howvever, if the output of 22,1 is duplicated in such & fashion that the
R values are moved from the third to the fourth fields, then this duplieated
deck can be used as input for 23,1, and easily plotbted results are cbiained,

To find the effect of an axon on the field of a set of dendrites
another superposition is possidble, With a different set of welights
programs 19,2 and 22,1 can be used %o ganemtevheﬁeldéuetoanm
This can then be ad.ded. %o the field of & set of dendrites, in such a way
that if VP is the original d.end.ri‘be field value, V the axon value for
mpplmntaw &, and A end B are congtents used to satisfy boundary con-
ditions, the combined field, VP, is

VP = A(VP - BY),
This ie done by progrem 24 1,

[Input requirements for 24,1 are: a caxd with@PROB, an arbitrexy
problem 'numbe:% (A and B, constants, see a’bov%, and(NFP, +the number of field
pom"c%; 360 cards, output of 22,1, having in their first field the values

of the Field of an axon for & given R es a function of 9; NFP cards, the




for the seme R as the axonal field, These last two ssis,
axonal Field end dendritic f£ield muat Val’aemate for each R, Color coding is
clearly ueeful in this context, The outpub of 2k 1 repeats the first ca.rd
and follows with the combined values VP, 6, ¥, R, NFROB for each £i81d point, ]

It is alenr that for plotting purposes it ia8 desirables %o use the
ocubput of 2.1 as inpub for 23,1 and thus obtein interpolated velues of R 40
covrespond to & previcusly gelected set of ;.aobo’oentials. Attention is
agein called %o the necessity of sorting &t this point,

A dendrite~Tield altered by & change in the characteristice of the
trunk ean be achieved by superimposing the field of & single dendrite and
thet of & trunk, 1., & shorter dendrite with sultsbly selected welghts,
These may be combined directly as the outputs of 19.2 and +he result then fed
imbo 22,1, 21,3A, 21,38 snd 23,1 as & regulaer problem, Progran 25 1 does
this point by point edditicn, and hes an output similar %o that of 19.2, avd
is uged as in 19,2 '

[Input requirenente for 25,1 ave: & card vith{wR0B, an arbitrery
problem mmbez) (A, & constent nommelizing fa.ctor)' and(N, the number of R
velues for vhich potentisls were calculsied for each 6)-- thie mast be the
game for dendrite and. trunk; N ecards having potentlals in the first fleld
for trunk ecalculations; N cards having potentials in the first field for

dendrite calculstions, these mst be in the ssme R order as the frunk set;
these two sets a.i'bemate foy each 6, The first output ee.x'd reproduces the
fiyst input card, ‘The remeining output cexds have VP, the normalized combined
pobential, R and € in the first three fields, a bladk, end NPROB }

In the sbove a8ll @mntities pharting with I, J, K, L, M, N axe

Piged polnt integers, the rest are floating point numbers,

(o
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